Introduction
Esophageal carcinoma is the eighth most common malignant tumor, with .4.5 million new cases diagnosed every year, and it is the sixth leading cause of cancer-related deaths worldwide, causing ~400,000 deaths annually. 1 The occurrences of esophageal cancer tend to follow a geographic distribution. The high-risk areas are also known collectively as the "esophageal cancer belt", which is located from northern Iran to North Central China and accounts for ~90% of esophageal squamous cell carcinoma cases. Esophageal cancer is difficult to detect in its early stages; as a result, patients often present at the time of diagnosis with locally advanced stages or suffer from metastatic disease that may have progressed to lymphatic and hematogenous dissemination. Therefore, radiotherapy (RT) and chemotherapy (CT) have gradually become the most common and necessary treatment in esophageal carcinoma, although surgery is considered as the most effective treatment. 5 Conventional RT is usually delivered at 1.8-2.0 Gy per fraction once a day from Monday through Friday every week. However, the results for conventional RT are unsatisfactory, with a 5-year survival of ~5%-10%, [6] [7] [8] which has led us to explore and investigate new therapeutic strategies. In recent years, two types of modified RT have been studied: the hyperfractionation (HF) regime, with two or three fractions given per day with a 4-6 h interval between fractions and a decreasing dose per fraction, and accelerated RT, with a higher dose in a shorter overall treatment time that is usually combined with HF. [9] [10] [11] [12] Considerable interest has arisen in the comparison between altered fractionated RT and other therapeutic strategies among multiple malignancies in recent years. [13] [14] [15] [16] [17] Unconventional fractionated RT has been applied to treat patients with esophageal carcinoma since the 1980s, and several trials have studied the role of accelerated or hyperfractionated RT in esophageal cancer, providing promising but conflicting results; therefore, this meta-analysis aimed to systematically and accurately estimate the efficacy and toxicity of accelerated or hyperfractionated RT and provide a clearer understanding, with the aid of greater statistical power and more precise results, of the significance of each of these modalities in the treatment of esophageal cancer.
Materials and methods search strategy
A computerized retrieval of studies was performed by searching the PubMed, Cochrane Library, EMBASE, CBM, VIP, CNKI and Wanfang databases for the most recent two decades (January 1, 1996 to December 31, 2015). There was no limit on the language. The key words used were "esophageal neoplasms", "radiotherapy", "accelerat*", "hyperfraction*" and "random*". The retrieval was adjusted based on the specific database, and all retrieval strategies were confirmed after multiple pre-retrieval tests of the combination of subject words and free words.
inclusion and exclusion criteria
To be eligible, trials were required to meet the following inclusion criteria: 1) study design: randomized controlled trials (RCTs); 2) study objective: patients with squamous cell carcinoma of the esophagus and no distant metastases and a Karnofsky performance scale (KPS) score $60; 3) study intervention: comparison of modified RT (accelerated or/and hyperfractionated) with conventional RT (1.8-2 Gy fraction per day for 5 days/week with a total dose of 40-70 Gy). Trials of RT using combined CT were included only when the CT schedule and doses were consistent in the two arms; and 4) outcome parameters: response rate (complete remission plus partial remission, classified according to the Response Evaluation Criteria in Solid Tumors) 18 as an index to evaluate the short-term efficacy; 1-, 3-and 5-year overall survival (OS) and 1-, 3-and 5-year local control rates as indexes to measure the long-term efficacy; acute toxicity included acute radiation reactions (esophagitis and tracheitis) and early adverse reactions (esophageal perforation and esophagorrhagia).
Articles were excluded if 1) they were unrelated or repeated studies found in the literature; 2) they did not offer essential or clear information; 3) they were confounded by additional therapeutic differences, such as adjuvant CT or salvage resection, between the two arms; 4) they focused on a special population, such as the elderly or ethnic minority groups; and 5) an escalated dose of modified fractionation RT was administered.
Data extraction and quality assessment
Two review authors independently extracted and then crosschecked the recorded data; disagreements were resolved by discussion. Data extraction forms included the following information: the first author, publication year, patients' characteristics, number of patients, details of the intervention and the outcome parameters.
According to the Cochrane Handbook for Systematic Reviews of Interventions (Version 5.1.0), 19 only the studies that met methodological quality criteria A (adequate randomization) or B (only trials that were stated to be randomized without further details) were included.
statistical method and analyses
The statistical analyses of this meta-analysis were performed using RevMan version 5.3 software. We conducted an analysis for heterogeneity prior to calculating the pooled odds ratios (ORs) with 95% confidence intervals (95% CIs) for dichotomous variables. Statistical heterogeneity was assessed using Cochran's chi-square tests. the random-effect model (DerSimonian and Laird methods). Publication bias was measured by observing the symmetry of the funnel plots, and Egger's test was used to analyze and explore the data. P#0.05 was considered statistically significant. A sensitivity analysis was also performed. The publication bias assessment and sensitivity analysis were conducted using STATA version 13.0 software.
Results

selection and characteristics of eligible studies
Our initial search strategy identified 1,058 studies: 41 from PubMed, 11 from Cochrane Library, 49 from EMBASE, 124 from CBM, 241 from VIP, 337 from CNKI and 253 from the Wanfang databases. After screening the titles, abstracts and full text, 1,038 trials were excluded due to duplication or not meeting the inclusion criteria. As shown in Figure 1 , 20 articles were included in the final meta-analysis. Among the included studies, only four studies reported details of adequate randomization. The other trials did not provide details of the randomization.
A description of each of the included trials is summarized in Table 1 . This meta-analysis included 1,742 Chinese patients (1,152 male, 590 female). There were 858 cases in the modified RT group and 884 cases in the conventional RT group. The patients' genders were well matched between the two randomization arms. The ages of the patients were fairly similar among the studies, ranging from 31 to 77 years old. The KPS scores of the included studies were .60, and the lesion lengths were mostly #10 cm. Of the included studies, 3 compared accelerated fractionation (AF) RT with conventional fractionation (CF) RT, 7 compared HF RT with CF and 10 compared continuous accelerated HF RT with CF. Only one included trial comparing continuous accelerated HF with CF employed CT as a sequential treatment to RT, but there were no studies in the literature that reported RT combined with concurrent CT.
Short-term efficacy
Six trials were available for inclusion in the evaluation of the short-term efficacy of the response rate (complete remission plus partial remission). There was no evidence of heterogeneity between the two arms (P=0.97, I 2 =0.0%). Thus, the fixed-effects model (Mantel and Haenszel methods) was selected for the pooled analysis. The meta-analysis showed that there was a significant advantage in the modified RT group compared with the conventional RT group (OR =3.90, 95% CI: 2.47-6.16, P,0.001; Figure 2 ).
Long-term efficacy
Analysis of the 1-year survival was based on 1,379 cases from 14 RCTs. The results, which were obtained using a fixed-effects model with a low risk of heterogeneity (P=0.89, I 2 =0.0%), suggested that the modified RT improved the 1-year survival (OR =2.58, 95% CI: 2.05-3.26, P,0.001; Figure 3A ). For the 3-year survival, the metaanalysis from 15 trials showed a statistically significant difference that favored the modified RT therapy (OR =2.30, The fixed-effect model was used to summarize the studies, as there was no evidence of heterogeneity between two arms (P=0.94, I 2 =0.0%; Figure 3B ). For the 5-year survival, there was strong evidence, based on 11 studies, indicating that patients benefited from the modified RT (OR =2.36, 95% CI: 1.74-3.21, P,0.001). Analysis of heterogeneity indicated that there was no heterogeneity among the included trials (P=0.93, 
I
2 =0.0%). Therefore, the fixed-effect model was used to analyze the summary OR ( Figure 3C ). The results of the 1-year local control rate based on 6 studies suggested an obvious advantage for the modified RT group (OR =2.46, 95% CI: 1.72-3.51, P,0.001; Figure 4A ). For the 3-year local control rate, the meta-analysis based on 7 trials showed a statistically significant difference that favored the modified RT group (OR =2.08, 95% CI: 1.49-2.90, P,0.001; Figure 4B ). For the 5-year local control rate, the results from 5 RCTs indicated that the modified RT improved the 5-year local control rate (OR =2.15, 95% CI: 1.38-3.34, P,0.001; Figure 4C ). The heterogeneity analysis for the 1-, 3-and 5-year local control suggested that there was no heterogeneity among the included RCTs (P=0.50, P=0.91 and P=0.97, respectively). Therefore, the fixed-effect models were selected to analyze the pooled ORs.
acute toxicity
Fifteen trials were included in the evaluation of acute radiation esophagitis and 13 trials in the evaluation of acute radiation tracheitis. The occurrences of acute radiation esophagitis and tracheitis were higher in the modified RT group than in the conventional RT group, with an OR value of 1 Figure 5 ). Eight RCTs were available to evaluate the early adverse reactions (esophageal perforation and esophagorrhagia). 
Publication bias and sensitivity analyses
The publication biases were presented by funnel plots and examined by Egger's tests. Publication bias was found only in the analysis of acute esophagitis (t=2.43, P=0.03; Table 2 ).
Sensitivity analyses were performed to evaluate the stability of our meta-analysis. The results of these analyses showed that the data in this meta-analysis were relatively stable, with low sensibility.
Discussion
Esophageal carcinomas are characterized by a high mortality rate. RT has become an important treatment method in the multidisciplinary management of esophageal cancer. Presently, the majority of clinical practices have suggested that the failure of malignant tumor treatment by CF RT is primarily due to local recurrence. Furthermore, Struikmans et al 40 have also shown that the accelerated proliferation of living tumor stem cells during RT is a primary cause for failures in the treatment of squamous cell carcinoma of the digestive and upper respiratory tracts. Therefore, inhibition of the accelerated repopulation of the tumor stem cells is a key factor in improving the survival and local control rates. Even if the primary tumor is resectable, the survival rate remains very low as a result of both surgery-related complications and early lymphatic and hematogenous dissemination; this is especially true for squamous tumors in which the primary tumor has invaded the adventitia or adjacent structures (T3-T4). 41 In addition, the potential doubling time of the tumor is closely related to accelerated multiplication. Moreover, the length of time required for CF RT may be unfavorable when treating a proliferating tumor. Shortening the total treatment time may improve the local control rate of the tumor. 42 Therefore, modified HF techniques can be applied and continue to be developed. Various schedules of HF and AF of RT in randomized clinical trials have proven to be superior to standard fractionation in multiple tumor types and sites. However, it is likely that the findings regarding acute toxicity have limited the widespread adoption of this approach. In regard to head and neck cancer, a meta-analysis suggested that there was a significant benefit with OS and locoregional control (LRC) at 5 years for hyperfractionated and/or accelerated RT. 13 HF improved the LRC by 8%-20% in the treatment of head and neck cancer. [43] [44] [45] [46] Perhaps the largest trial of AF versus CF, which included 1,485 patients in Denmark, reported a better overall 5-year LRC and disease-specific survival for the former; however, it also reported a worse acute morbidity, and there were no statistically significant differences in OS and late toxicity. 47 In lung cancer, regardless of whether it was non-small-cell lung cancer or small-cell lung cancer, an individual patient data meta-analysis showed that either hyperfractionated or accelerated RT improved OS with an absolute benefit of 2.5% at 5 years, but increased the risk of acute esophageal toxicity.
14 Similar results were also found with bladder cancer. 15, 16 Modified RT has also been used to treat patients with sarcoma. Donaldson et al 17 noted that a higher acute toxicity was found for HF in the treatment of rhabdomyosarcoma in children. To the best of our knowledge, this meta-analysis is the first to evaluate the efficacy and safety of accelerated and/or hyperfractionated RT in the treatment of patients with esophageal carcinoma, compared with conventional RT. The included trials of this meta-analysis showed conflicting results on the efficacy and safety of modified RT. In contrast to the results of this study, some of the included studies suggested that the differences in the survival rates and acute toxicity between the modified and the conventional RT groups in patients with esophageal cancer were not statistically significant. The results of this study showed that the accelerated and/or hyperfractionated RT group had an improved response rate, 1-, 3-and 5-year survival, and 1-, 3-and 5-year local control rate in the treatment of esophageal carcinoma, compared with the conventional RT group. With AF, the total fraction is delivered over a shorter number of elapsed days, and with HF, the daily dose is decreased, but there is an increased number of overall treatment dose. The theoretical advantage of this regimen is a decreased opportunity for tumor proliferation to occur during treatment by shortening the overall treatment time. Some reports have suggested that accelerated regeneration always begins at 3-5 weeks after the beginning of RT. At the same time, an increased daily dose should be an effective way to overcome tumor repopulation. The reduction in total treatment time decreases the opportunity for tumor cells to repopulate during RT treatment and, therefore, increases the probability of tumor control with a given total dose. 48, 49 The data for acute toxicity were also available in this metaanalysis. The overall OR indicated that altered RT increased the incidence of acute radiation reactions, such as radiation esophagitis and tracheitis, which were the primary acute side effects occurring during RT for esophageal cancer. Possible explanations for these results are that the altered RT may increase the total dose of RT and shorten the total treatment time, which is related to the occurrence of acute radiation esophagitis and tracheitis, whereas the RT time and dose in conventional RT are more in line with the biologic characteristics of RT, 50 allowing sufficient time for the repair for related organs and tissues. However, there was no observed statistically significant difference in the early adverse reactions (esophageal perforation and esophagorrhagia) in this meta-analysis. Further observations with an expanded sample size are needed.
The randomized trials assessing hyperfractionated and/ or accelerated RT in esophageal cancer appear to offer clearer results for their efficacy and safety. However, there are several potential limitations to our meta-analysis. First, eligible studies were limited because the RCTs included in this meta-analysis focusing on Chinese patients lacked sufficient statistical power; none of these studies were multicenter clinical trials or multinational samples. Second, most of the 20 studies included a low number of patients, and only 3 trials included more than 100 patients per arm. These low numbers are the reason that it was advantageous and statistically significant for this meta-analysis to use statistical methods to pool the results of individual studies, thereby expanding the sample size. Third, the long-term toxicity data are inaccessible. The adoption of these various schedules of RT depends on the accurate reporting of long-term results. Therefore, for clinicians to be confident in using a specific RT schedule, the long-term toxicity profiles require further clinical research and discussion. Fourth, we compared only the different RT methods and did not take into account their combination with CT. Combination modified RT and CT should be tested for its efficacy and safety in esophageal cancer in the future.
Conclusion
In Chinese patients with squamous cell esophagus carcinoma, a significant benefit was obtained with modified fractionation RT, suggesting that the appropriateness of its use be reinforced in clinical practice.
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